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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/CA98/00921 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Articie 14 are referred to in this report as "originaiiy fiied"and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 17).): 
Description, pages: 



I, 4,6,8,9,12,13 

2,3,33,5,7,7^10, 

II, 11a 



as originaiiy filed 
as received on 



25/10/2000 with letter of 



17/10/2000 



Claims, No.: 



1-12,13 (part), 
18-20 



as received on 



25/10/2000 with letter of 



17/10/2000 



13(part),14-17 



as received on 



26/10/2000 with letter of 



19/10/2000 



Drawings, sheets: 

1/11-11/11 as originally filed 



2. With regard to the language, ail the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
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listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1 -20 




No: 


Claims 


none 


Inventive step (IS) 


Yes: 


Claims 


1 -20 




No: 


Claims 


none 


Industrial applicability (IA) 


Yes: 


Claims 


1 -20 




No: 


Claims 


none 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/CA98/00921 

EXAMINATION REPORT - SEPARATE SHEET 



To point V : 

Patent Abstracts of Japan, vol. 006, no. 222 (E-140), 6 November 1982 & JP 57 
1261 10 A describes an inductance element wherein a magnetic core oppositely 
contacts with a central magnetic leg and side magnetic legs of the magnetic core with 
these magnets through a permanent magnet in the element used for a switching 
regulator. A coil is wound around the central leg. 

GB 2075755 relates to a rod-shaped or C-shaped magnet amplifier element which 
consists of a magnetic material which has a diamagnetic material of a particular 
thickness interposed into a portion of the magnetic material. Furthermore, an antenna 
using a toroidal magnetic amplifier element and a coil wound on the magnet element 
wherein ends of the element portions are separated by a diamagnetic material 
US 2869050 A discloses permanent-magnet biased, closed, magnetic circuits wherein 
a permanent magnet with predetermined magnetisation is mounted in series with a 
highly-permeable core member to form a closed magnetic circuit containing at least one 
winding. 

Patent Abstracts of Japan, GB 2 259 190 A, WO 94 01814 A, GB 1 424 986 A, FR 2 
472 824 A and US 3 403 323 A do not relate to a permanent core device as claimed in 
claims 1 and 7 nor to a multiphase electrical device using such permanent core devices 
as claimed in claim 14. 

1. (Novelty) 

Consequently, the subject-matter of claims 1 , 7 and 14 meets the requirement of 
Article 33(2) PCT. 

2. (Inventive step) 

The subject-matter of claims 1 , 7 and 14 is not rendered obvious by the cited prior 
art because none of the documents mentioned above suggests to place a 
permanent magnet in a gap of a ferromagnetic core structure wherein the coil is 
so positioned that the fields produced by the coil(s) are additive. 
The dependent claims define advantageous embodiments of this subject-matter. 
Therefore, the subject-matter of claim 1 - 20 meets the requirement of Article 
33(3) PCT. 

3. (Industrial applicability) The subject-matter of claims 1 - 20 meets the requirement 
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of Article 33(4) PCT. 



To point VIII : 

Observations under Article 6 PCT: 

1 . The claims are not supported by the description (cf. pages 2, 3). 

2. The wording of claim 1 and 7 is not consistent with respect to "magnetic 
conductive material (2)" and "ferromagnetic" piece 6 instead of using 
"ferromagnetic" consistently. This also applies to the core structure in claim 14. 

3. Claim 14 does not express that first and second structure and permanent 
magnets form an integral unit. The wording "magnet sets" is not clear. The 
wording "said first and second frames" in claim 14 has no antecedent in the 
preceding wording of the claim. 
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In addition, magnetic devices such as transformers, chokes and 
inductors commonly used silicon grade steel for the magnetic core and copper 
5 or aluminum for the windings. Over the last decades, this technology has not 
progressed but improvements have been made in materials and processes for 
the constructions of such transformers. However, a need still remains for 
magnetic technology with reduced energy loss characteristics, reduced weight 
and lower cost. A need also exists for energy efficient and cost efficient 
10 transformers which can be utilized in high power consumption circuits, such as 
ballasts for street lighting and arc discharge lamp applications, or circuits used 
in current, power control and distribution. 



SUMMARY OF THE INVENTION 
15 It is a feature of the present invention to provide inductor devices 

which are highly energy efficient and produce low amounts of heat. 

It is another feature of the present invention to provide inductor 
devices which are lightweight and compact. 

It is a further feature of the present invention to provide an 
20 inductor device which can be used in a variety of different applications, such as 
a transformer, current controller, or as a power equipment protection device. 

According to the above features, from a first broad aspect, the 
invention provides a permanent magnetic core device for use as a transformer, 
inductor, choke, or a component in a current limiting circuit, 
25 CHARACTERIZED BY: 

first and second layers of magnetic conductive material (2) 
retained in a predetermined, spaced apart relationship with respect to one 
another, so as to define opposed facing surfaces at least at first and second end 
portions thereof, a gap defined between said layers; 



30 



a first permanent magnetic piece (3) located at said first end 
portion between said first and second layers of ferromagnetic material, and a 
second permanent magnetic piece (3) located at a second end portion between 
said first and second layers of magnetic conductive material, the first and 
second permanent magnetic pieces being placed so that their fields are additive; 

coil means surrounding each of said first and second layers of 
magnetic conductive material, said coil means extending within said gap 
between said first and second permanent magnetic pieces and being placed so 
that fields produced by the coil means are additive. 

In accordance with a second broad aspect, the invention provides 
a toroidal permanent magnetic core for use as a transformer, choke or 
component in a current limiting circuit, CHARACTERIZED BY: 

a first semi-circular toroidal ferromagnetic piece (6) having first 
and second ends; 

a second semi-circular toroidal ferromagnetic piece (6) having 
first and second ends; 

said first and second ends of said first toroidal ferromagnetic 
piece being arranged to face the first and second ends of said second toroidal 
ferromagnetic piece, such that the ends of said first and second toroidal pieces 
are opposed and spaced apart; 

permanent magnetic means (7) interposed between said ends of 
said toroidal ferromagnetic pieces and joined with said toroidal ferromagnetic 
pieces; 

a coil (9) surrounding a portion of said first toroidal 
ferromagnetic piece or said second toroidal ferromagnetic piece, said first and 
second toroidal ferromagnetic pieces and said permanent magnetic pieces 
defining a closed toroidal structure. 
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in accordance with a third broad aspect, the invention provides a 
multi-phase electrical device for use as a power distribution transformer, a 
5 power distribution protection device or a current limiting device, 
CHARACTERIZED BY: 

a first core structure (21) and a second core structure (24), each of 
said first core structure and second core structure having a perimeter and at 
least one vertical limb extending within said perimeter of each core structure; 
10 said first and second core structures being retained in 

juxtaposition by permanent magnet sets (19, 20) interposed between said first 
and second core structures; and 

coils (18, 22, 23) surrounding at least a portion of said perimeter, 
and surrounding at least a portion of said at least one vertical limb; 
15 wherein said first and second frames and permanent magnet sets 

form a unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred embodiments of the present invention will now be 
2 0 described with reference to the accompanying drawings in which 

FIG. 1 illustrates a perspective view of the preferred magnetic 
core device of the present invention. 



FIG. 12 illustrates a hysteresis curve plotting magnetic flux 
density versus field strength and which further illustrates the static and 
5 dynamic operating points of a flux saturated magnetic core device 16 of Fig. 8. 

FIG. 13 illustrates an effective hysteresis curve plotting magnetic 
flux density versus field strength for the combined operation of the two flux 
saturated magnetic core devices in Fig. 8. 

FIG. 14 illustrates hysteresis curves plotting magnetic flux 
10 density versus field strength for a standard inductor, choke or transformer, 
wherein the magnetic core device of the present invention is operated at 
non-flux saturated conditions. 

FIG. 15 illustrates an application of a three-phase transformer in 
which the operating conditions of Fig. 14 are applicable. 
15 FIG. 16 illustrates a vector diagram for showing flux vectors that 

would be established for an embodiment having reduced hysteresis losses. 

FIG. 17 illustrates an alternate embodiment of the invention 
which utilizes the principles illustrated in Fig. 16. 




20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows a perspective view of a preferred embodiment of 
the permanent magnetic core device of the present invention. This device 
includes two coils 4,5 wrapped around layers of magnetically-conductive steel 
material 2, forming a ferromagnetic core. Permanent magnetic pieces 3 are 

25 placed at opposing ends of the assembly. However, it may be desirable in 
certain applications to utilize only one magnet in the magnetic core device. To 
couple the magnetic pieces 3 to the ferromagnetic layers 2, magnetic pole 
pieces 1 may be utilized in layers positioned between the magnetic pieces 3 and 
the ferromagnetic layers 2. The coils are 
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25 



Figure 2, V 0 " is the permeability of free space and "nr" is the permeability of 
the ferromagnetic core layers 2. 

If a field is applied opposing the magnets by the coils 4 and 5 of 
Figure 1 of turns N, and current 1, then the residual flux density in the magnets 
will be given by: 



^ Br _ (Npls *Hm-th-N *!)• fio 

(H'Lm\ , , 

+Npls-th 

{/jr-Wi) 

Since the flux density in the ferromagnetic core is related to the 
magnetic residual flux density "Br" by the ratio Lm/W, the ferromagnetic core 
saturation flux density can be approximated by: 



15 B „_ (Npls-Hm'th-N-I)-juo (Lm 



+ Npls-th 



Wi 



If the value "Bs" is greater than the value required to saturate the 
core Bsat, then the inductance of the permanent magnetic core assembly will be 
minimal, as the current I in coils 4, 5 of Figure 1 is increased to the point where 
2 0 the core desaturates, then the inductance of the permanent magnetic core will 
maximize. Thus, equation (3) demonstrates that for the saturation mode of the 
permanent magnetic core device, this device operates as a controller of current. 
In AC circuits, the maximum inductance value will form a high impedance to 
current, while the minimal inductance will form a low impedance to current. 



Characteristics of Permanent Magnetic Core Device 

Figure 5 illustrates the variations of inductance against current on 
the device of Figure 1 in the magnetic flux saturated condition. As the current 
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changes from the negative to the positive direction, the inductance suddenly 
increases to a constant, steady level. With this sudden change in inductance, 
the impedance to 



' i I t i i ] , 

» 5 i S > i , * 

t * i j > i » i , > i t j i i , 
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technology of the preferred embodiment from Figure 1 (or later described 
alternate embodiment of Figures 3, 4 and 15) produces energy losses that are 
5 much lower than the energy losses experienced by conventional magnetic 
devices. Such reductions in energy losses translate in a reduction of heat and 
lower operating costs when the permanent magnetic core devices are utilized in 
a circuit. 




10 ALTERNATE EMBODIMENTS OF THE INVENTION 

Figures 3 and 4 illustrate the alternative embodiments for the 
permanent magnetic core device. In Figure 3, the permanent magnets 7 are 
aligned in a plane. Surrounding the magnets are a toroidal ferromagnetic 
core 6 and pole pieces 8 attached to the internal and external peripheries of the 

15 ferromagnetic core 6. A coil 9 is wrapped around the ferromagnetic core 6. 
Figure 4 illustrates a similar device, although this embodiment does not utilize 
the pole pieces, and the permanent magnets are shown at 10. In this 
embodiment, the permanent magnets 10 are shown in parallel planes, which are 
at an angle to the diametric plane of the toroid. In a further alternate 

20 embodiment (not shown) the arrangement of Figure 4 is utilized, but the 
permanent magnets 10 are arranged in non-parallel planes. 

The embodiments of Figures 3 and 4 have been found to be ideal 
for use as chokes, although their application in specific circuits are not limited 
to chokes alone. For example, the devices of Figures 3 and 4 may not be 

2 5 utilized as inductors or controllers of current, or transformers. 

Another alternate embodiment of the invention is presented in 
Figure 15. Two core structures 21 and 24 are placed adjacent to one another. 
Magnetic assemblies are composed of magnet sets 19, 20 and pole pieces 25, 
and these assemblies are then sandwiched between the two core structures 21 
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and 24. Each of the six magnetic assemblies are arranged to have opposite 
polarity to each adjacent magnetic assembly in both horizontal and vertical 
directions. However, magnetic polarity may be varied according to a given 
application. Each of the three vertical limbs are enclosed by coils 18, 22, 23, 
respectively. This particular device is advantageous when used as a power 
distribution transformer, a power distribution protection device or a current 
limiting device. The basic theory behind this device has been described 
according to Figures 5, 6, 7, 11, 12, 13 and 14. An additional discovery has 
been made in which we have found that if the magnetic field is established in 
the core which is perpendicular to the magnetic field of the permanent magnets, 
then the hysteresis curve for such a device will also define a smaller area than 
what would be observed if the perpendicular magnetic field did not exist. 
Thus, the creation of a magnetic field in the core which is perpendicular to the 
field created by horizontal pairs of permanent magnets will result in a device 
with substantially reduced heat generation, and greater energy efficiency. The 
transformer device of Figure 15 may be used in three-phase applications and 
displays the characteristic shown in Figure 6, 

As we described the usefulness of static magnetic biasing in 
reducing core losses in ferromagnetic materials, we have also set out the 
principle that the bias field may not be restricted to the conventional direction 
of flux flow, but may also be used in the "orthogonal direction". Our invention 
can be extended to AC orthogonal biasing in which further advantages are 
realized in the application of power transformers. 

The advantages of magnetic biasing for reducing hysteresis losses 
have been demonstrated in FIGS. 11, 12, 13 and 14, however, we have found 
that many ferromagnetic materials, including ferrites, can be biased in a multi- 
dimensional manner as demonstrated in Figure 16. Figure 16 illustrates a 
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portion of a ferromagnetic material in which several flux density vectors are 
imposed. The material will exhibit a maximum flux density vector in the 
normal direction depicted by the non-linear vector B_norm. Another non- 
linear flux density vector B_orth may be imposed by a magnet or by a coil, 
resulting in an overall non-linear flux density vector B_res_0. Although the 
material may have a magnetic 
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CLAIMS: 

1- A permanent magnetic core device for use as a transformer, 

inductor, choke, or a component in a current limiting circuit, 
CHARACTERIZED BY: 

first and second layers of magnetic conductive material (2) 
retained in a predetermined, spaced apart relationship with respect to one 
another, so as to define opposed facing surfaces, at least at first and second end 
portions thereof, and a gap between said layers; 

a first permanent magnetic piece (3) located at said first end 
portion between said first and second layers of ferromagnetic material, and a 
second permanent magnetic piece (3) located at a second end portion between 
said first and second layers of magnetic conductive material, the first and 
second permanent magnetic pieces being placed so that their fields are additive; 

coil means surrounding each of said first and second layers of 
magnetic conductive material, said coil means extending within said gap 
between said first and second permanent magnetic pieces and being placed so 
that fields produced by the coil means are additive. 

2. The permanent magnetic core device as claimed in claim 1, 
wherein said coil means comprises one or more coils. 

3. The permanent magnetic core device as claimed in claim 2, 
wherein each of said one or more coils are wrapped around said respective first 
and second layers of core material. 

4 - The permanent magnetic core device as claimed in claim 1, 

wherein said first and second permanent magnetic pieces (3) are supported by 
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magnetic pole pieces (1) located between the first and second layers of 
magnetic conductive material (2) and the respective first and second permanent 
magnetic pieces. 

5. A toroidal permanent magnetic core for use as a transformer, 
choke or component in a current limiting circuit, CHARACTERIZED 
BY: 

a first semi-circular toroidal ferromagnetic piece (6) having first 
and second ends; 

a second semi-circular toroidal ferromagnetic piece (6) having 
first and second ends; 

said first and second ends of said first toroidal ferromagnetic 
piece being arranged to face the first and second ends of said second toroidal 
ferromagnetic piece, such that the ends of said first and second toroidal 
ferromagnetic pieces are opposed and spaced apart; 

permanent magnetic means (7) interposed between said ends of 
said toroidal ferromagnetic pieces and joined with said toroidal ferromagnetic 
pieces; 

a coil (9) surrounding a portion of said first toroidal 
ferromagnetic piece or said second toroidal ferromagnetic piece, said first and 
second toroidal ferromagnetic pieces and said permanent magnetic pieces 
defining a closed toroidal structure. 

6. The toroidal permanent magnetic core as claimed in claim 5, 
wherein said permanent magnetic means (7) comprises two spaced-apart 
permanent magnets. 
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7 - The toroidal permanent magnetic core as claimed in claim 6, 

wherein said spaced-apart permanent magnets (7) are arranged along a single 
plane. 

8. The toroidal permanent magnetic core as claimed in claim 6, 

wherein said spaced apart permanent magnets (7) are arranged along parallel 
planes, and angled with respect to a diametric plane of said toroidal permanent 
magnetic core. 

9 - The toroidal permanent magnetic core as claimed in claim 6, 

wherein said spaced apart permanent magnets (7) are arranged along non- 
parallel planes. 

10. The toroidal permanent magnetic core as claimed in claim 5, 

further including at least one pole piece (8) attached to a periphery of said first 
and second toroidal ferromagnetic pieces (6). 

11- The toroidal permanent magnetic core as claimed in claim 5, 

further including a plurality of pole pieces (8) attached to a periphery of said 
first and second toroidal ferromagnetic pieces (6). 

12. The toroidal permanent magnetic core as claimed in claim 11, 
wherein said toroidal permanent magnetic core includes an inner periphery and 
an outer periphery and said plurality of pole pieces are attached to said internal 
periphery and said outer periphery. 

13. The toroidal permanent magnetic core as claimed in claim 5, 
wherein said toroidal permanent magnetic core includes an inner and outer 
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periphery and said coil (9) is wrapped around portions of said inner and outer 
peripheries. 

14. A multi-phase electrical device for use as a power distribution 
transformer, a power distribution protection device or a current limiting device, 
CHARACTERIZED BY: 

a first core structure (21) and a second core structure (24), each of 
said first core structure and second core structure having a perimeter and at 
least one vertical limb extending within said perimeter of each core structure; 

said first and second core structures being . retained in 
juxtaposition by permanent magnet sets (19, 20) interposed between said first 
and second core structures; and 

coils (18, 22, 23) surrounding at least a portion of said perimeter, 
and surrounding at least a portion of said at least one vertical limb; 

wherein said first and second frames and permanent magnet sets 

form a unit. 

15. The multi-phase electrical device as claimed in claim 14, wherein 
said magnet sets (19, 20) are sandwiched between said first and second core 
structures (21, 24). 

16. The multi-phase electrical device as claimed in claim 14, wherein 
said magnet sets (19, 20) comprise a plurality of permanent magnet assemblies 
positioned adjacent said perimeter. 

17. The multi-phase electrical device as claimed in claim 16, wherein 
each magnet assembly is arranged to have an opposite polarity to other adjacent 
magnet assemblies. 
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18. A permanent magnetic core device as claimed in claim 1 , wherein 
a first permanent magnetic core device and a second permanent magnetic core 
device are joined in series so that a polarity of the first permanent magnetic 
core device is opposite to a polarity of the second permanent magnetic core 
device to control alternating current (AC). 

19. The multi-phase electrical device as claimed in claim 14, wherein 
a first magnetic field established by the coils (18, 22, 23) is orthogonal to a 
second field established by the permanent magnet sets (19, 20), whereby 
energy losses and hysteresis losses in said multi-phase electrical device are 
reduced. 



20. The multi-phase electrical device as claimed in claim 19, wherein 

vectored fluxes produced by said orthogonally arranged coils (18, 22, 23) 
produce a net flux density that exceeds a predetermined saturation flux density 
of the permanent magnet sets (19, 20). 
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1. Basis of the opinion 

1 This opinion has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office 
in response to an invitation under Article 14 are referred to in this opinion as "originally filed* )\ 

Description, pages: 

1-13 as originally filed 

Claims, No.: 

1 .22 as originally filed 

Drawings, sheets: 

1/11-1 1/1 1 as originally filed 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, , Nos.: 

□ the drawings, . sheets: 

3. This opinion has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

4. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, Inventive step and industrial applicability 

The questions whether the claimed invention appears to bo novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been and will not be examined in respect of; 

□ the entire international application, 
B claims Nos. 21 , 22, 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination {specify: 
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H the description, claims or drawings {indicate particular elements beiovti or said claims Nos. 21 . 22 are so 
unclear that no meaningful opinion could bo formed (specify); 

see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 



V. Reasoned statement under Rule 66.2(a)(li) with regard to novelty, inventive step or industrial 

applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 1 - 20; yes 

Inventive step (IS) Claims 1 - 20 : yes 

Industrial applicability (iA) Claims 1 - 20 : yes 

2. Citations and explanations 
see separate sheet 



Vllk Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported^ the description, are made: 

see separate sheet 
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Tn point Ml: 

See comment -under Vlll.5 please. 

T« point VIII: 

The claims do not meet the requirement of Article 6 PCT: 



1. 



3. 



4. 



in Cairn 1 (line 8), the expression "said layers of ferromagnet,c material s used 
yet without appearance of such layers in the preceding word.ng of cla.m 1. Th,s 
observation also applies to the wording "said respective first and second layers of 

core material", in claim 3. _ , 

It further seems that the requirement that the permanent magnet.c P .eces and the 
coils are placed in such a manner that their fields are additive is an essential 
feature of the magnetic core device in the underlying application (cf. descnpt,on, 
page 5, lines 27. 28; page 6. lines 2. 3; page 1 1 , Unes 14-19). These features, at 
present in claims 5 and 6. should be transferred to claim 1- 
Furthermore, the wording of claims 1 - 6 is not consistent with that o the 
description regarding the expression "inductor device" (claims) and (permanent) 
magnetic core device" (description). 

The last observation under point VIII.1 above also applies to claims 7 - 15 with 
respect to "toroidal inductor device" and "permanent magnetic core dev.ce . 
respectively. 

Claim 16 should be directed to a multi-phase magnetic core transformer assembly 
(cf figure 15 and corresponding text). The expression "frame- In claim 16 does 
not seem to appear in the description (cf. page 10. lines 22 - 27). In cla.m 16. 
specification of the materials involved is lacking. 

It seems that the content of claim 17 is redundant in view of the wording of cla m 
16 ("said first and second frame being retained in juxtaposition with permanen 
magnetic means interposed between sad first and second juxtaposed frames ). 

Claims 20 should refer back to permanent magnetic core devices as claimed in 



Form PCT/Saparate Shoet/408 (She* 1) (EPO-April 1997) 



5. 



WRITTEN OPlNlSP lntemation»lication No. PCT/CA98/00921 
SEPARATE SHEET ■ 

claim 1 (cf. description, e.g. page 8, lines 3 - 5). 

Claims 21 and 22 are not clear. These claims (see also figures 16 and 17 and 
corresponding text) seem to relate rather to a method of tuning the operating flux 
density of an arbitrary magnetic device than to magnetic core devices and 
assemblies of the preceding claims 1 - 20. Claims 21 and 22 should therefore be 
either deleted or reformulated to include a link to the devices of the foregoing 
claims. However, it is noted that in the latter case the application may fail to 
provide a proper basis for such reformulation. 

6. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 



To point V: 

In expectation: of clarified claims, a preliminary evaluation under Article 33(2) - 
33(4) PCT reveals the following observations: 

1 . No statement as to novelty, inventive step and industrial applicability is made with 
respect to the subject-matter of claims 21 and 22 (cf. points III and VIII- 5) 

2. (Novelty) 

Insofar as claims 1 - 20 can be understood (cf. point VIII above), the subject- 
matter thereof does not seem to anticipated by the disclosure of any of the 
documents cited in the international search report. In particular, GB 2 075 755 A 
describes a magnetic amplifier element which consists of a permanent magnetic 
material which has a diamagnetic material of a particular thickness interposed into 
a portion of the magnetic material. 

Consequently, it seems that the subject-matter of clarified claims 1 - 20 would 
meet the requirement of Article 33(2) PCT. 

3. (Inventive step) 

Insofar as claims 1 - 20 can be understood (cf. point VIII above), the subject- 
matter thereof seems to involve an inventive step because none of the documents 
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nor a combination of their teachings reveals a magnetic core device according to 
the subject-matter of the independent claims. These claims would therefore meet 
the requirement of Article 33(3) PCT. 

The dependent claims (save claim 17, see point VIII.3) relate to embodiments of 
the devices claimed in the independent claims and would therefore also meet the 
requirement of; Article 33(3) PCT. 

3. (Industrial applicability) 

Insofar as clairhs 1 - 20 can be understood, the subject-matter thereof meets the 
requirement of Article 33(4) PCT. 
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CLAIMS: 



1 . An inductor device, comprising: 

a magnetic circuit having first and second layers of magnetic 
conductive material, said layers being retained in a predetermined, spaced apart 
relationship with respect to one another, so as to define opposed facing surfaces at 
least at first and second end portions thereof, and a gap defined between said layers; 

a first permanent magnetic piece located at said first end portion 
between said layers of ferromagnetic material, and a second permanent magnetic 
piece located at a second end portion between said layers of ferromagnetic material; 

coil means surrounding each of said first and second layers of 
ferromagnetic material, said coil means extending within said gap between said first 
and second permanent magnetic pieces. 

2. The inductor device as claimed in claim 1, wherein said coil means 
comprises one or more coils. 

3. The inductor device as claimed in claim 2, wherein each of said one 
or more coils are wrapped around said respective first and second layers of core 
material. 

4. The inductor device as defined in claim 1, wherein said permanent 
magnets are supported by magnetic pole pieces located between said first and 
second layers of ferromagnetic material. 
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5. The inductor device of claim 1, wherein said magnetic field 
associated with said first magnetic piece is additive to a magnetic field associated 
with said second magnetic piece. 

6. The inductor device as claimed in claim 2, wherein a magnetic field 
associated with one of said individual coils is additive to the magnetic field of the 
other of said coils. 

7. A toroidal inductor device, comprising: 

a first semi-circular toroidal ferromagnetic piece having first and 

second ends; 

a second semi-circular toroidal ferromagnetic piece having first and 

second ends; 

said first and second ends of said first toroidal ferromagnetic piece 
being arranged to face the first and second ends of said second toroidal 
ferromagnetic piece, such that the ends of said first and second toroidal pieces are 
opposed and spaced apart; 

permanent magnetic means interposed between said ends of said 
toroidal ferromagnetic pieces and integrally joined with said toroidal ferromagnetic 
pieces; 

coil means surrounding a portion of said first toroidal piece or said 
second toroidal piece, said first and second pieces and said permanent magnetic 
means defining a closed toroidal structure. 

8. The toroidal inductor device as defined in claim 7, wherein said 
magnetic means comprises two spaced-apart permanent magnets. 
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9. The toroidal inductor device as defined in claim 8, wherein said 
spaced-apart magnets are arranged along a single plane. 

10. The toroidal inductor device as defined in claim 8, wherein said 
spaced apart magnets are arranged along parallel planes, and angled to a diametric 
plane of said toroidal inductor device. 

11. The toroidal inductor device as defined in claim 8, wherein said 
spaced apart magnets are arranged along non-parallel planes. 

12. The toroidal inductor device as defined in claim 7, wherein said 
toroidal assembly includes at least one pole piece running along a perimeter of said 
toroidal structure. 

13. The toroidal inductor device as defined in claim 7, wherein said 
toroidal assembly includes a plurality of pole pieces running along a perimeter of 
said toroidal structure. 

14. The toroidal inductor device as defined in claim 13, wherein said 
toroidal structure includes an inner perimeter and an outer perimeter and wherein 
said plurality of pole pieces run along said internal perimeter and said external 
perimeter. 

15. The toroidal inductor device as defined in claim 7, wherein said 
toroidal structure includes an inner and outer perimeter and said coil means extends 
along portions of said inner and outer perimeters. 



16. 



A multi-phase assembly, comprising: 
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a magnetic circuit having a first frame and a second frame, each of 
said first frame and second frame having a perimeter and at least one leg extending 
within said perimeter of said frame; 

said first and second frame being retained in juxtaposition with 
permanent magnetic means interposed between said first and second juxtaposed 
frames; 

coil means surrounding at least a portion of said perimeter, and 
surrounding a portion of said at least one leg; 

wherein said first and second frames and permanent magnetic means 
are arranged to form an integral unit. 

17 The multi-phase assembly as defined in claim 16, wherein said 

magnetic means are contained within a gap between said first and second frames. 

18. The multi-phase assembly as defined in claim 16, wherein said 
magnetic means comprises a plurality of magnets positioned adjacent said 
perimeter. 

19. The multi-phase assembly as defined in claim 18, wherein said 
magnets are divided into a plurality of sets of magnets, each set of magnets being 
located adjacent a side of said integral unit. 

20. An apparatus for controlling current in a circuit, said circuit including 
a source of voltage and an electrical device utilizing controlled current, said 
apparatus comprising: 

a first permanent magnetic device having at least two magnets 
arranged to produce additive magnetic fields and a first polarity; 
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a second permanent magnetic core device having at least two 
magnets arranged to produce additive magnetic fields, and a second polarity; 

wherein said first permanent magnetic device and said second 
permanent magnetic device are arranged in series in said circuit so that said first 
and second polarities are opposing. 

21. An improved magnetically biased apparatus comprising: 
magnetic means for producing a first field; 

coil means for producing a second field; 

wherein said first field is biased perpendicular to said second field so 
as to reduce energy losses and hysteresis losses in said apparatus. 

22. An improved magnetically biased apparatus comprising: 
magnetic means for producing a first field; 
orthogonally arranged coils for producing a second field; 

wherein vectored fluxes produced by said orthogonally arranged coils 
produce a net flux density which exceeds a pre-determined saturation flux density 
of the magnetic means. 



